A third of the world's landfill site is covered with paper waste. Although paper is a recyclable resource, it can be recycled as paper only a few times. To utilize the huge amount of spent paper, a sorption material was prepared by immobilizing functional group of iminodiacetic acid for the purpose of removing heavy metals. Remarkable selectivity was observed for some heavy metals. The selectivity order was: Cu(II) >> Fe(III) > Pb(II) > Ni(II) >> Cd(II) > Co(II). Also, the mutual separation between some metal ion pairs like Ni(II) and Co(II); Pb(II) and Cd(II); and Cu(II) and Pb(II) was successfully achieved.
Introduction
In recent years, our concepts towards various biomass wastes have changed from those of only worthless garbage or compost to something of higher application and value. In the field of separation and recovery of metal resources, biomass wastes i.e. agricultural and forestry products [1] [2] [3] like rice husk, soybean hull, sugarcane bagasse, corn stover, peanut hall, coconut fibers, wood powder as well as marine products [4] [5] like shells of crustacean (in particular, the chitosan) and algal biomass have been investigated for their capacity and efficiency to extract metal ions. In a number of cases, chitosan and its derivatives have proved to be excellent materials for separation of metal ions. But the production of chitosan generates horrible smell and large amount of protein containing waste effluent which needs high cost of treatment. Thus, from the viewpoint of low cost green technology, exploring and developing a really competent biomass material that can replace the use of a variety of petroleum based ion exchange resins, chelating resins and extraction solvents is still a big challenge. For this purpose, we have selected and evaluated waste paper after proper modification as an alternative biomass material. Since paper is made from wood pulp, major proportion of waste paper consists of wood cellulose which is mostly amorphous and therefore, amenable to easy chemical modification because it allows reagents to penetrate more easily into its matrices unlike the behavior of crystalline cellulose. Furthermore, breaking of the interlinking bonds between the cellulose units by mechanical stress during subsequent recycling steps increases its reactive sites for chemical modification.
To date, there has been very little work on waste paper for the purpose of separation and recovery of metal ions though a wide variety of sorbents based on chemically modified cellulose have been investigated [6] [7] .
Taking this into consideration, we have immobilized iminodiacetic acid, a well known chelating agent, onto waste paper cellulose to develop adsorption gel and tested it for separation and concentration of various metal ions. In ( 328 ) Vol.18 No. 4 (2007) 473 the past, some adsorption tests have been carried out by immobilizing iminodiacetic acid on various forms of cellulose as feed material. Chan et al [8] [9] have prepared sorbents of iminodiacetic acid cellulose using cotton fabric and sawdust to investigated the mutual separation of Ni(II) and Co(II) but distinct selectivity to Ni(II) over Co(II) was not observed. Similarly, Gennaro et al. [10] have prepared the filter of iminodiacetic acid cellulose from ordinary filter paper disk and Gupta et al. [11] have utilized pure cellulose as starting material for iminodiacetic acid type cation exchanger. However, these adsorbents have provided no information about the mutual separation of coexisting metal ions. Hence, we focused our attention at the selectivity and the ability for mutual separation among coexisting metal ions. Co(II). Owing to the chemical similarity of these metals, they always coexist in nature. We can observe from Figure 1 that Ni(II) can be effectively separated from Co(II) at pH 3. Similarly, Cu(II) can be selectively adsorbed over any other metal ions at pH 2. Figure 2 shows plots of the adsorption isotherms for Ni(II) and Co(II) on the modified waste paper gel i.e. the amount of adsorption against the equilibrium concentration of the metal ion at pH 3 (closed keys) together 
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